A number of theories have been brought forward to explain the natural and induced resistance to the transplanted cancers of mice, but none of them has covered all the facts or met with general acceptance.
The so called athrepsia theory of Ehrlich t has been the most prominent of these explanations, but in the light of more recent work it apparently does not account for the phenomenon. This theory was based on the observation that mouse tumors inoculated into rats or rice rersa were capable of survival and growth for a time but would die if allowed to remain. If, however, the graft was removed from the rat during the proliferative stage and then returned to the mouse it would continue to grow ~nd after a period could again be transplanted to rats. This zigzag grafting could be continued indefinitely. The interpretation offered by Ehrlich was that each species produccs a specific and limited amount of food substance necessary for growth (substance X). The temporary survival and growth of the mouse tumor in the rat was accounted for by the amount of substance X carried over with the graft, and when this was exhausted the mouse tissue died from lack of food. When the tumor was returned to the mouse it would accumulate a fresh supply of the substance and would be able again to live for a time in the rat. Lambert and Hanes 2 showed that a tissue of one species could live and grow for some time in the plasma of another. In fact, g~owth was almost as good as when the tissues were placed in homologous plasma. Murphy 3 demonstrated that mammalian tissue could be carried through 1Ehrllch, P., Arb. k. Inst. exp. Tkerap. Frankfurt, 1906 , No. 1, 84. s Lambert, R. A., and Hanes, F. M., Y. Exp. Med., 1911 , xiv, 129. 8 Murphy, Jas. B., Y. Exp. Med., 1913 1 many generations in the chick embryo without return to its native species. Furthermore, he showed that rats, when subjected to suitable exposures of x-rays, were capable of supporting a mouse tumor in active growth over prolonged periods with repeated transplantation. 4 From the facts of these investigations the athrepsia theory does not seem to meet the conditions.
A theory, brought forward by Russell 5 and strongly supported by the workers of the Imperial Cancer Research Fund, attributes cancer resistance to a failure of the stroma reaction. Thus, a graft in a resistant animal fails for lack of suitable blood supply and framework to support growth. This explanation has not met with wide acceptance, for it does not explain naturally acquired resistance. Moreover, a number of observers have described failure of cancer grafts in resistant animals in which there is an abundant vascular and stroma reaction (Burgess, s Rous, r Goldmann, s Leving).
Tyzzer, 1° finding an identical histological reaction in resistant animals, whether the immunity was induced or natural, concludes that the same factors are responsible for both conditions. The chief difference is the time at which the reaction takes place, which is earlier in the animals with induced resistance than in those with natural resistance. He expresses the idea that the associated "inflammation" is the defensive factor. The reaction is characterized in the early stages by an accumulation of polymorphonuclear leucocytes around the graft, followed later by lymphocytic infiltration and an increase in the connective tissue elements. The first stage, the polymorphonuclear accumulation, is the same in the susceptible and resistant animals and so may be disregarded in a consideration of the immunity factors. Tyzzer suggests that the failure of the graft in these cases is due to a choking of the blood supply and a starvation of the introduced cells. The view we have favored is that the immunity is due to cellular reaction but that the lymphoid elements are the important agents in this process.
Da Fano u was the first to call attention to the lymphocyte as the possible active agent in cancer immunity. He noted the fact that there was not only an accumulation about the graft in resistant animals but also an increase in the numbers of these cells in the subcutaneous tissues. Baeslack 12 observed a percentage increase in the circulating lymphocytes in a very small series of immune 4 Murphy, Jas. B., J. Am. Med. Assn., 1914, Ix] i, 1459. 5 Russell, B. R. G., in Bashford, E. F., 3rd Sc. Rep., Imperial Cancer Research Fund, 1908 , 341. 6 Burgess, A. M., J. Med. Research, 1909 , xxi, 575. 7 Rous, F. P., J. Am. Med. Assn., 1910 , Iv, 1805 . s Goldmann, E. E., Beltr. klin. Chit., 1911 i, 1. 9 Levin, I., J. Exp. Med., 1911, xili, 604; xiv, 139. lo Tyzzer, E. E., J. Cancer Research, 1916 , i, 125. n Da Fano, C., Z. Immunit~tsforsch., Orig., 1910 , v, 1. t~ Baeslack, F. W., Z. Immunit~lsforsch., Orig., 1913 animals. Murphy and Morton 18 first showed that there was an actual increase in the circulating lymphocytes in animals during the development of active resistance, both when induced and when naturally acquired. The workers in this laboratory have extended this work to show a close relation between the lymphocyte reaction and the resistance to cancer. Mice rendered potentially immune by the injection of blood can be made susceptible by the destruction of the lymphoid tissueY Likewise, mice of tested immunity, after suitable exposure to x-rays, become susceptible to inoculation. 14 These observations of Murphy and his coworkers have been confirmed and extended by Mottram and Russ. Is Moreover, the former found that animals with an artificially induced lymphocytosis 16 become as highly resistant to cancer implants as they do following tissue injection. 1~ In the latter experiment a parallelism was noted between the number of lymphocytes in the blood and the number of mitotic figures in the spleen and lymph glands, is I n the work presented in this p a p e r a s t u d y has been m a d e of the lymphoid organs in animals with induced i m m u n i t y to cancer to establish a further link in the evidence associating the l y m p h o c y t e with cancer i m m u n i t y and to ascertain if possible the source and nature of the blood lymphocytosis. I n the course of the experiments a histological examination was m a d e of the changes in the subcutaneous tissue in order to check and possibly extend the earlier observation of D a Fano. n
Material.
T h e material for the s t u d y has been collected in the course of five experiments embracing over 100 mice, as described in the following protocols.
Experiment /.--Thirty-four white mice were given an injection of 0.3 cc. of defibrinated mouse blood in the subcutaneous tissue of the back. Three mice were killed on the 6th day and three on the 10th day after the immunizing in-13 Murphy, Jas. B., and Morton, J. J., J. Exp. ivied., 1915, xxii, 204. 1~ Murphy, Jas. B., and Taylor, H. D., J. Exp. Med., 1918, xxviii Lancet, 1919, i, 692. 18 Nakahara, W., f. Exp. Med., 1919, xxix, 17, 83. jection. The remaining twenty-eight mice were inoculated, 10 days after the blood injection, with bits of Bashford Adenocarcinoma No. 63. They were killed for histological examination in groups, 24 hours, and 5, 15, 25, and 35 days after the inoculation.
Experiment 2.--Twenty-seven white mice were immunized with a subcutaneous injection of defibrinated blood as in Experiment 1. They were killed in groups 24 and 48 hours, and 4, 6, 8, and 10 days after the treatment and sections taken of the lymphoid organs.
Experiment 3.--Ten mice were immunized as in the previous experiments and 10 days later were inoculated with bits of Bashford Adenocarcinoma No. 63 as in Experiment 1. They were killed in groups and tissues taken at daily intervals from 24 hours to 4 days after the inoculation.
Experiment 4.--Twenty-eight normal mice were immunized as before. Four mice were killed for tissues 4 days afterwards, and on the 10th day after immunlzation four more were killed. The remaining twenty immunized mice were inoculated with bits of Bashford Tumor No. 63 10 days after the immunizing injection. They were killed in groups for tissues 2, 5, 15, 25, and 35 days after the inoculation.
Experiment 5.--Nine normal white mice were inoculated intraperitoneaUy with 0.6 cc. of defibrinated blood from normal mice. These were killed, three at a time, 24 hours, and 3 and 5 days after the inoculation, and the subcutaneous connective tissue was taken for examination.
All the mice used in the experiments were of about the same size and were from the same stock. T h e virulence of the tumors used in each experiment was tested b y inoculation into a number of normal mice.
The fixative u s e d f o r tissues was Conroy's 6-3-1, and the staining was done with Heidenhain's iron-hematoxylin for mitotic figures and eosin-methylene blue for other general purposes. In most instances loose connective tissue from the subcutaneous layer was carefully spread over the slide, fixed with absolute alcohol, and stained with methylene blue and eosin. Blood films were treated with Wright's stain.
OBSERVATIONS.
Much variation has been noted in the extent of the reaction in different animals. I t has been shown b y experiment t h a t a certain percentage of mice are not immune after tissue injection b u t will grow tumors actively. In the earlier stages of the i m m u n i t y reaction at which we have studied the lymphoid tissue it is unfortunately ira-possible to predict which of the animals would have fallen into the non-immune group. Therefore we are unable to say whether the animals failing to show the typical reaction of the majority would have proved to be non-immune if they had been allowed to live.
Spleen.--The stimulation of germinal centers was manifest 48 hours after the blood injection. In a section taken at this stage an average nodule usually contained a few well marked mitotic figures, three to five a~ a rule, more rarely six or seven. All stages of mitosis were easily distinguished. Among the cells of the germinal center were found a few large ceils with pycnotic and fragmented nuclei. There was the usual number of pigmented cells and megalocaryocytes in the pulp spaces. The frequency of mitosis in the germinal center after 4 days was apparently greater than before (Fig. 1) . There was also a slight increase in the number of pigmented cells and megalocaryocytes. After 5 days the number of mitotic figures was seen to decrease somewhat. The abundance of megalocaryocytes and pigmented ceils at this time was about the same as before. There were small groups of pycnotic cells appearing in the pulp at about this period. Similar conditions seemed to continue until about 10 days, when the proliferative activity of germinal centers returned nearly to the normal level, but a few mitotic figures were seen at this period also. Moderate numbers of pycnotic ceils were also found in the nodules.
The cytological condition just described was more strongly marked 24 to 48 hours after the cancer inoculation (Fig. 2) . At this period there was a general enlargement of the splenic nodules and the latter contained numerous mitotic figures. The change was far more extensive than that occurring in the previous period. The number of pycnotic cells in the nodules was insignificant.
The enhanced ceil division was conspicuous for about 1 week fop lowing the cancer inoculation, but after this period the normal rate was gradually resumed. Toward the later period large numbers of pycnotic cells were found in the nodules, but pigmented cells were always infrequent.
About 35 days after the inoculation the general histological appearance of the organ had returned approximately to normal.
Lymph Glands.--The cytological changes observed in the mesenteric and inguinal lymph glands were very similar to those found in the spleen. A distinct acceleration in the rate of cell division in the lymph glands was observed 24 hours after the immunizing injection. Dividing cells were numerous in the germinal centers of the nodules and were not infrequent even in the lymph cord. At 48 hours the number of dividing cells was more or less decreased, but there was considerable variation among individual mice. Slight stimulation was indicated by the unusual frequency of mitosis as late as 10 days after the treatment. No appreciable change was observed in the medulla.
The germinal center of the nodule became decidedly restimulated soon after the cancer inoculation, as evidenced by numerous mitotic figures, and this condition, in a less marked degree, lasted for a considerable length of time. About 35 days after the inoculation, o r probably a little earlier, cell division in the nodule subsided to the normal rate.
No special change has been observed in any other part of the gland.
Circulating Lymphocytes.--Lymphocytes in the circulating blood of immunized animals were often seen in the process of amitosis, espedally during the first several days after the inoculation of cancer. Amitosis was observed in large as well as small lymphocytes, but more frequently in the former. Cells in typical stages of amitosis were found among others showing irregularly shaped, lobulated nuclei. The accepted interpretation of amitosis is that it is not a method of cell multiplication 19 but a means of increasing the nuclear surface to meet intensified metabolic activities of the cell3 ° Since the lymphocytes are presumably in their active functioning stage at the period just indicated, this conception may, in the present state of our knowledge, be applied to the case under consideration. Even if two caryomeres produced by amitosis eventually separate into two apparent cells, we would not be warranted at present in considering the process evidence of genuine cell multiplication, especially in view of the scanty amount of cytoplasm possessed by the resulting cells.
19 Conklin, E. G., Biol. Bull., 1917 , xxxlii, 396. 20 Nakahara, W., Y. Morphol., 1917 .
Subcutaneous Connective Tissue.--As early as 24 hours after the injection of the blood a well marked cellular reaction was seen in the connective tissue about the groups of red cells. The great majority of cells participating in this reaction were small lymphocytes. Other types of cells such as polymorphonuclear leucocytes and macrophages were rare. After about 4 days, when the injected blood became more generally distributed in the subcutaneous connective tissue, the local reaction became more diffuse. Now, besides the large number of lymphocytes, plasma cells in considerable number (Fig. 3) were present, and macrophages, which were few in earlier periods, became abundant. Owing to the wide distribution at this period of the injected red cells, it was found that an extensive area of the subcutaneous tissue showed numerous lymphocytes and other white cells. Soon the area infiltrated by red cells diminished, and there was a corresponding lessening of the lymphoid reaction. This cellular infiltration continued for about 8 days, after which time only slight traces of blood could be recognized.
The cellular reaction about the cancer graft in naturally resistant or artificiallyimmunized animals bears a close similarity to the reaction as described above. As has been shown by many previous investigators, an extensive inflammatory reaction, which is lymphoid in nature, precedes the destruction of the cancer tissue, but the reaction around the graft subsides promptly after the latter becomes completely necrotic.
The cells which participate in this reaction are in both instances mainly lymphoid. Da Fano's n cellular analysis of the inflammatory reaction about the regressive cancer shows that the lymphocyte, plasma cell, and macrophage are characteristic of the reaction. Since these cells are usually absent in normal subcutaneous tissue of the mouse, much significance has been attached to their abundance about the neoplasm.
In addition to the local reaction about cancer tissue, Da Fano claims that the plasma cells which are absent innormal connective tissue of the mouse appear 48 hours after the injection of the blood for immunization and they become more numerous in the succeeding days until the 4th day, when small groups of the cells are seen in every section. While Da Fano's statements were confirmed in some of our experiments, in others we failed to confirm them. We found no lymphoid proliferation in the loose connective tissue at a distance from the area infiltrated with red blood cells, and the loose connective tissue was found to be apparently normal, even when local lymphocytic infiltration was well pronounced about the injected blood cells or cancer graft (compare Figs. 3 and 4) . That Da Fano has misinterpreted the local reaction about the mass of injected blood cells as a general reaction in immunity becomes clear when the immunizing dose is given intraperitoneally. In the latter case although the iminunity is effective, no appreciable lymphoid proliferation in the loose connective tissue results.
Other Organs.--The thymus and thyroid glands, the liver, kidney, and bone marrow were studied, but no special changes were detected. In a few instances there was a rather unusually large number of mitotic figures in the cells of the thymus, and mitotic figures were often seen among the lymphoid cells about the vessels of the liver. But these active cells were either too few in number or too inconstant :in occurrence to be more than mentioned in connection with the knmunity reaction.
DISCUSSION.
T h e conclusions suggested by the work of Murphy and Morton regarding the r61e of the lymphocyte in immunity to transplanted cancer are not only in harmony with previous observations on the factor of resistance to heteroplastic tissue grafting and on cellular reactions about the cancer graft in animals with natural or induced immunity, but have sustained subsequent experimental tests as well. An objection which may be raised against the original work is that the evidence of lymphoid proliferation was based entirely upon the results of blood cell counts. Tyzzer, 1° for instance, appreciating the wide range of variability in the white cell counts of the tail vein in normal mice, expresses the opinion that the increase in the number of lymphocytes in the blood of immune mice indicated by Murphy and Morton may probably be greatly exaggerated. The validity of this objection has now been set aside by the present cytological work, which shows that, accompanying the lymphocytosis, there is a corresponding enhancement of the rate of cell division in lymphoid centers.
In the same article Tyzzer points out, as of considerable significance, the fact that no change in the lymphocyte count of the mice is seen after the immunizing injection, while, as a matter of fact, "all animal so treated now possesses qualities which were previously absent, or in other words had become immune." In the light of the facts brought out in the present paper this point may simply mean that the newly formed lymphocytes d o n o r get into circulation in sufficient number to change the general blood picture until the inoculation of cancer is made. It is now clear that an animal which has become potentially immune possesses hypertrophic lymphoid elements, although this fact is not reflected in the blood counts. However, the mechanism of the lymphoid reaction has become, as it were, sensitized so that a very small amount of tumor is sufficient to induce a relatively large blood lymphoid response.
Another finding of special interest is the similarity of the cellular reaction about the injected blood to that about the cancer graft in -the immunized animal. The types of cells which participate in the reaction are in both instances primarily lymphoid, including large and small lymphocytes, plasma cells, and phagocytic cells. Moreover, the two reactions are to be regarded as of the same nature in that they no longer continue after the invading cells are dead. This point becomes more significant when taken together with the fact that the cells in the lymphoid centers respond in the same way to the blood injection as they do to the cancer inoculation, the only difference being one of degree. It seems probable, therefore, that the lymphoid cells of an untreated animal are sufficient in quantity and quality to be an efficient defensive mechanism against such cells as red blood cells, with no proliferative ability, and against such other tissues as have been used to produce immunity, such as spleen, embryonic tissue, skin, etc. As a result of the primary stimulus the capacity of the lymphoid tissue to react has become so enhanced that it is capable of a massive reaction when the cancer is inoculated.
The irregularity of the results described in our present experiments were to be expected. It is well known that a proportion of mice immunized to cancer show no more resistance than normal mice, while in still others the resistance to cancer growth is at first not evident, the defensive mechanism asserting itself sufficiently to over-come the cancer only after a period of growth has occurred. Unfortunately at the time of the greatest changes in the spleen and lymph glands it is impossible to predict which way the animals would have arranged themselves according to this grouping. To take an example, ten mice are inoculated with cancer fragments 10 days after receiving an immunizing injection. If they are allowed to live the result would be as follows, judging by the average experiment with our strain of tumor: about two would develop tumors, about two more would show a temporary growth followed by retrogression, and the remaining six would be immune from the beginning. If all these animals are killed during the first few days after inoculation we have no way of comparing the extent of the reaction in the spleen with the degree of immunity which the animal might have shown if allowed to live. Therefore we would expect, if the changes in the spleen and lymph glands are an index to the immunity, only a proportion of the mice to show a marked reaction and from 10 to 20 per cent a delayed reaction. In our previous studies of the blood it was noted that the degree of immunity followed fairly closely the extent of the lymphocytosis.
SUMMARY AND CONCLUSIONS.
Mice immunized against cancer by means of an injection of defibrihated blood show in the germinal centers of the lymphoid organs a marked increase in the numbers of mitotic figures. The increase becomes evident 48 hours after the injection in the majority of instances and reaches its climax at about the 5th day. After this time it subsides, returning to the normal rate about the 10th day.
These immunized animals, when inoculated with a cancer graft 10 days after the injection, show a second stimulation of the lymphoid centers similar to the first but more intense in character. This. increase in the number of mitotic figures becomes evident as early as 24 hours after the cancer inoculation and persists in a marked degree for a week, after which there is a gradual return to the normal rate.
The lymphocytes of the circulating blood during the establishment of the immunity show frequent examples of amltotic division, and many examples of irregular and lobulated nuclei. These changes. suggest intensified functional activity.
Contrary to the statement of Da Fano, cellular reaction in the subcutaneous tissues of immunized animals is present only in the region infiltrated by the injected cells. This fact becomes conspicuous when the immunizing injection is given intraperitoneally, in which case no cellular accumulations are noted in the loose connective tissues.
No constant cellular changes were noted in the bone marrow, thymus or thyroid gland, liver, or kidney of the treated animals. 
